Under appropriate conditions ("direct effect" of Luria and Exner, 1941; Watson, 1950; and others) bacteriophages are known to be inactivated by ionizing radiations according to a simple exponential function of the dose D of radiation received by the phage S = eR
(1) where S is the survival ratio (number of plaque forming phage particles after exposure to a dose D of radiation) /(number of plaque-forming phage particles before exposure), and R is the radiosensitivity of the phage (for a recent discussion of this subject, see Pollard, 1954) . The radiosensitivities of a number of bacteriophage species have been measured, and are presented here and compared with data available in the literature, as a contribution to phage taxonomy and as a possible help in the choice of material for future investigations.
MATERIAL AND METHODS
Information on the phages and host bacteria2 used is given, directly or through references, in table 1.
The solid media most commonly used for phage titration (by the semisolid agar technique; see Adams, 1959, Appendix) were: nutrient agar (formula of Adams, 1959, Appendix) , and LB agar (Bertani, 1951 (Neil et al., 1953) was employed,3 the samples being exposed at approximately the same distance from the source as used by Weigle and Bertani (1956) For several phages more than one irradiation was performed, in order either to examine the reproducibility of the measurements or to test whether the logarithm of the survival ratio was really a linear function of the dose. The latter was done for phages 4X-174, P22, Ni, Xanhomonas phage, D32, and P1. Of these only P1 gave a survival curve inconsistent with equation (1): the logarithms of the survival ratios were indeed a linear function of the dose of radiation (three doses tested), but extrapolated to a value larger than 0 for dose 0. The accuracy of this observation is not to be doubted, particularly since phage D32 was irradiated together with P1, and did not give an aberrant survival curve. The experiment, however, was not repeated. The radiosensitivity estimates for P1 given in the table refer only to the straight part of the survival curve.
The fifth column of table 1 gives the radiosensitivities of the various phages relative to that of the T-even species.
The same irradiated preparation of P2 vir3 mentioned in table 1, when plated on an indicator singly lysogenic for phage P2 (strain Sh-17 of Bertani and Six, 1958) , gave a radiosensitivity value of 2.40; when plated on an indicator doubly lysogenic for P2 (strain Sh-55 of Bertani and Six, 1958) , it gave a value of 1.86. A similar result was obtained with P2 vir3 irradiated with soft X-rays (50 kv, same machine and experimental arrangement used by Harm, 1958) . These observations indicate the existence of a repair mechanism involving an interaction between the damaged phage and a related prophage. A similar phenomenon occurs with phage irradiated with ultraviolet light (Jacob and Wollman, 1953 (Adams, 1952 Latarjet and Fredericq (1955) with soft X-rays, and by Watson (1950) and Luria and Exner (1941) with hard X-rays; of phages S13 and 4X-174, as measured by Latarjet and Fredericq (1955) and by Tessman et al. (1957) with soft X-rays, and by us with y-rays; of phage P2, as measured by us with -y-rays (table 1) and with soft X-rays (50 kv, same X-ray machine and experimental arrangement as used by Harm, 1958;  relative radiosensitivity of P2 = 0.40).
All measurements reported in table 2 were obtained with phage irradiated in aqueous suspension, at temperatures between 0 C and room temperatures: within this range the effect of temperature on the radiosensitivity is negligible (Adams and Pollard, 1952) .
The amount of information available on the biological properties of the various phages listed in tables 1 and 2 is very diverse. As a consequence, for only few of them may the criteria proposed and discussed by Adams (1953) for the recognition of different phage species be applied. In other cases, sufficiently great taxonomic differences betwveen the host-bacteria are guarantee of a sufficiently great separation between the corresponding phages. It might be that at most one or two of the phages considered here, although grown on taxonomically different bacterial hosts, should turn out to be closely related to some other phage of those considered, upon more adequate study.4 It is assumed that different members of the same phage species possess identical or very similar radiosensitivities. This is consistent with the admittedly Frequency distribution of relative radiosensitivities of different phage species. The radiosensitivity of phages of the T-even species is set to be equal to 1. The figure is based on the data of tables 1 and 2: where more than one estimate was available for a given phage species the arithmetic mean was calculated and used.
limited information available on this point, the only exception being that of phage X as compared with one of its virulent mutants (Epstein and Englander, 1954) , an observation which Marcovich (1956) One might speculate on the apparent coincidence in value of the relative size of the "big piece" of deoxyribonucleic acid (DNA) in phage T2 (Levinthal, 1955; Thomas, 1959) with the average relative radiosensitivity (0.42; range: 0.20 to 0.67) for the 18 most resistant phages (+X-174 excluded because of the unusual properties of its DNA; see Sinsheimer, 1959b, and Tessman, 1959) of figure 1. If one accepts the notion of a rough correspondence between radiosensitivity and DNA content (Epstein, 1953) , the possibility should be considered that the "big piece" represents an evolutionarily older, structural "packing unit" of DNA, the only DNA possession of some phages, larger and more evolved phages having acquired other DNA elements in addition to it.
SUMMARY
The sensitivities ("direct effect") to ionizing radiations ('y-rays from Co60) of 13 different phage species have been measured, and compared with the information available in the literature for still other species of phage (to a total of 26 species). The most sensitive (a Mycobacterium phage) is about 13 times more sensitive than the most resistant (coli-dysentery phage 4X-174, S13). The most common radiosensitivity value corresponds to about~f o of the radiosensitivity of the T-even phages.
Lysogenic hosts may repair a fraction of the damage produced in phage by ionizing radiations.
